Introduction
============

Obesity and insulin resistance are closely related to metabolic syndrome and other diseases. In particular, obesity is an indicating factor for the pathogenesis of type 2 diabetes mellitus (T2DM) ([@b1-etm-0-0-5752]). Adipose cells induce insulin resistance and proinflammatory cytokine production (leptin, tumor necrosis factor and interleukin-6) ([@b2-etm-0-0-5752]), leading to increased fasting blood glucose levels in patients and ultimately inducing T2DM. Ballantyne *et al* have reported that blood glucose levels and liver insulin sensitivities of T2DM patients can be restored to normal levels after bariatric surgery and at the 10 year mark post-surgery, almost 90% of patients present no signs of diabetes ([@b3-etm-0-0-5752]).

Genome-wide association study has shown that the fat-mass and obesity-associated gene (FTO) is significantly associated with the increase of obesity risk in all current determined susceptibility loci to obesity ([@b4-etm-0-0-5752],[@b5-etm-0-0-5752]). FTO is expressed in many metabolic disease-related tissues, including adipose tissues and skeletal muscles ([@b6-etm-0-0-5752],[@b7-etm-0-0-5752]). Evidence provided by increasing number of studies have shown that FTO affects the genetic variation of body mass index (BMI) and obesity risk of people in China, Japan, the Republic of Korea and the Philippines ([@b8-etm-0-0-5752]). In addition, it has been proved that the association between the FTO gene and obesity can indirectly regulate the risk of T2DM ([@b9-etm-0-0-5752]). This study focused on the clinical significance of the obesity gene FTO in varying degrees of T2DM, so as to study the value of FTO as a marker for the diagnosis and prognosis of T2DM.

Patients and methods
====================

### General subject information

The study subjects consisted of 110 patients with T2DM received and treated by the outpatient department of the Yantai Yuhuangding Hospital between September 2016 and March 2017. These individuals were separated into mild and severe groups according to disease severity. In addition, 60 individuals were selected amongst hospital workers and healthy patients undergoing routine physical examinations as the normal control group (NC group). The study was approved by the Ethics Committee of Yuhuangding Hospital.

### Grouping criteria

Mild T2DM group: i) Patients whose glycosylated hemoglobin (HbA1c) was ≤8%; ii) patients whose diabetic nephropathy did not reach stage 3 and who showed no kidney injury; iii) patients whose diabetic retinopathy did not reach the proliferative standard. Severe T2DM group: i) Patients whose HbA1c was \>8%; ii) patients whose diabetic nephropathy had reached stage 4; iii) patients with proliferative diabetic retinopathy. Patients with acute infections and other chronic diseases (e.g., cancer, chronic obstructive pulmonary disease, asthma, dementia, chronic intestinal disease, psychosis, cirrhosis), as well as pregnant and lactating women, were not included in this study. All subjects in this study provided signed informed consent.

Study methods
-------------

### Sample collection

All study subjects were forbidden from drinking and eating for 12 h prior to examinations, which occurred at 7 a.m. At the examinations: i) Each subject\'s height, weight, waist and hip circumference were measured, and the BMI \[body weight (kg)/height^2^ (m^2^)\] was calculated; ii) blood (2.5 ml) (fasting blood sample) was collected from every subject. One sample was placed in a vacuum centrifuge tube for examination of the following T2DM blood glucose indices: Fasting plasma glucose (FPG), fasting C-peptide (FCP), HbA1c and fasting insulin (FINs). Samples in vacuum centrifuge tubes were centrifuged for 15 min at 912 × g, with the upper layer consisting of the serum taken and stored at −80°C. The other sample was stored in an EDTA anticoagulant tube for lymphocyte extraction, which was performed using a human lymphocyte separation reagent kit (TBD, Tianjin, China) with the extracted lymphocytes stored at −80°C; and iii) homeostasis model assessment of insulin resistance (HOMA-IR) was calculated according to the following formula: FINS (mmol/l) × FPG (mmol/l)/22.5.

The 52 patients in the severe T2DM group were treated with medication based on patient-specific conditions and followed up for 12 weeks. During treatment, patient condition data was regularly collected by a specially assigned person. On the day prior to the end of treatment, whole blood samples were obtained from each patient for testing.

### Detection of lymphocyte FTO gene expression by real-time polymerase chain reaction (RT-PCR)

TRIzol reagent (1 ml; Invitrogen Life Technologies, Carlsbad, CA, USA) was added into an Eppendorf tube (Eppendorf AG, Hamburg, Germany) containing human lymphocytes and then the tube was incubated at 4°C for 30 min. Chloroform (200 µl) was added, upon which the sample was mixed and then centrifuged at 12,000 × g for 15 min at 4°C. The upper layer of the supernatant was taken and transferred to a new Eppendorf tube (Eppendorf AG). An equal volume of isopropanol was added into this new tube, the solution was mixed and rested on ice for 5 min and then centrifuged at 12,000 × g for 15 min at 4°C. Following this, the supernatant was removed and the pellet dried with filter paper. Ethanol (75%, 1 ml) was added to wash the pellet, which was then centrifuged again at 7,500 × g for 5 min at 4°C. Again, the supernatant was discarded and the pellet was dried at room temperature and then dissolved in 30 µl of enzyme-free water. A spectrophotometer was utilized to measure the concentration and purity of the extracted RNA, which was then subjected to reverse transcription using a two-step reverse transcription kit (Takara, Tokyo, Japan). Messenger ribonucleic acids (mRNA) levels were measured using SYBR green (Toyobo, Osaka, Japan), with glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression used as an internal reference. FTO and GAPDH primers were synthesized by Shanghai Sangon Biotech Co., Ltd. (Shanghai, China). FTO upstream, 5′-ACTTGGCTCCCTTATCTGACC-3′ and downstream, 5′-TGTGCAGTGTGAGAAAGGCTT-3′. GAPDH upstream, 5′-AGGTCGGTGTGAACGGATTTG-3′ and downstream, 5′-TGTAGACCATGTAGTTGAGGTCA-3′. The computational formula for mRNA relative expression level of each index was 2^−ΔCt^ \[ΔCt = Ct (target gene) - Ct (GAPDH)\].

### Detection of serum FTO protein via western blot analysis

Since there was no available method to measure FTO protein expression in whole blood lymphocytes, whole blood samples for each study subject were collected before and after treatment. Partial serum taken after standing and centrifugation was diluted 10 times with phosphate-buffered saline (PBS) and an appropriate amount of protease inhibitor cocktail (Sigma-Aldrich, St. Louis, MO, USA) was added. A serum albumin/immunoglobulin removal kit (Shanghai Sangon Biotech) was employed to remove high-abundance proteins. A bicinchoninic acid kit (BCA; Beyotime Biotechnology Co., Ltd., Guangzhou, China) was used for protein concentration quantification. Protein samples (40 µg) were added with loading buffer, then underwent electrophoresis using a 10% acrylamide gel and were transferred to a membrane. Membranes were incubated overnight with monoclonal anti-FTO antibodies (1:1,000; Cell Signaling Technology, Beverly, MA, USA). Ponceau total protein staining was used as a loading control ([@b10-etm-0-0-5752]), as many studies have shown that GAPDH and β-actin internal references were not accurate when analyzing serum samples. The relative content of the target protein was detected using enhanced chemiluminescent system (ECL; Merck Millipore, Billerica, MA, USA).

### Statistical analysis

SPSS version 22.0 (SPSS, Inc., Chicago, IL, USA) statistical software was used to analyze experimental results. Chi-square test was utilized for enumeration data. Measurement data were expressed as mean ± standard deviation (SD). Analysis of variance and paired t-test were applied for sample mean comparison. Spearman\'s rank correlation analysis was utilized for inter-indicator correlation analysis. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Comparisons of the patient general information among the three groups

There were no significant differences among the groups in age and sex (p\>0.05). Compared with those in the NC group, the BMIs, waist circumferences and hip circumferences of the T2DM groups were elevated (p\<0.05). Compared with the mild T2DM group, BMI, waist circumference and hip circumference in the severe T2DM group were increased (p\<0.05; [Table I](#tI-etm-0-0-5752){ref-type="table"}).

### Lymphocyte FTO gene expression levels

FTO gene expression levels in the mild T2DM group (p\<0.01) and severe T2DM group (p\<0.001) were significantly increased relative to the NC group. FTO gene levels in the severe T2DM group were higher than in the mild T2DM group (p\<0.05; [Fig. 1](#f1-etm-0-0-5752){ref-type="fig"}).

### FTO protein content in patient serum

Serum FTO protein levels were consistent with gene levels determined via RT-PCR, with FTO significantly increased in the T2DM groups ([Fig. 2](#f2-etm-0-0-5752){ref-type="fig"}).

### Blood glucose-related indicators (FPG, FCP, HbA1c, FINs and HOMA-IR) in normal and T2DM individuals

FPG, FINs, HOMA-IR, FCP and HbA1c values in the two T2DM groups were higher than in the NC group (p\<0.05). Moreover, there were significant differences between the severe T2DM group and the mild T2DM group (p\<0.05; [Table II](#tII-etm-0-0-5752){ref-type="table"}).

### Post-treatment changes in severe T2DM patient blood glucose indices (FPG, FCP, HbA1c and FINs)

We tested the blood glucose-related indicators of the 52 patients with severe T2DM after they received 12 weeks of treatment. FPG, FCP, HbA1c, FINs and HOMA-IR values after treatment were observably decreased when compared with those before treatment (p\<0.05; [Table III](#tIII-etm-0-0-5752){ref-type="table"}).

### FTO protein expression in severe T2DM patients before and after treatment

We further explored the relationship between FTO and T2DM severity. FTO protein levels after treatment was significantly reduced relative to before treatment ([Fig. 3](#f3-etm-0-0-5752){ref-type="fig"}).

### Correlation between of FTO protein expression and other T2DM indicators

Spearman\'s rank correlation analysis showed that FTO protein expression was not associated with age or gender, but it was positively correlated with BMI, waist circumference, hip circumference, FPG, FCP, HbA1c, FINs and HOMA-IR (p\<0.05; [Table IV](#tIV-etm-0-0-5752){ref-type="table"}).

Discussion
==========

Diabetes is a highly prevalent and serious chronic debilitating disease and has been reported as the fourth leading cause of death in Europe ([@b11-etm-0-0-5752]). T2DM is characterized by progressive insulin resistance and β-cell dysfunction and usually inactivity and weight are elevated with an increase in age or food intake ([@b12-etm-0-0-5752]). A large number of studies have shown that β-cell dysfunction, oxidative stress and excessive fatty acids form the pathological basis of diabetes ([@b13-etm-0-0-5752]). However, it is non-negligible that T2DM also has significant genetic heterogeneity and now a variety of mutations have been identified in insulin genes, insulin receptor genes, glucokinase genes and mitochondrial genes ([@b14-etm-0-0-5752],[@b15-etm-0-0-5752]).

FTO-induced obesity and increased BMI values play important roles in the initiation and progression of T2DM ([@b16-etm-0-0-5752]). However, people know very little about the specific molecular mechanisms of how the FTO gene regulates BMI and induces T2DM. In accordance with sequence homology analysis, the predicted coding protein of FTO gene is 2-ketoglutarate-dependent demethylase ([@b17-etm-0-0-5752]), which affects the transcription of various metabolism-related genes by influencing epigenetic regulatory mechanisms such as nucleic acid demethylation. Guo *et al* ([@b18-etm-0-0-5752]) found that the FTO gene is enriched in the hepatocytes of patients with non-alcoholic fatty liver and promotes hepatocyte oxidative stress and fat deposition. Oxidative stress can activate a variety of intracellular signal pathways directly leading to cell and tissue injury and thus aggravating and complicating diabetes ([@b19-etm-0-0-5752],[@b20-etm-0-0-5752]). Some recent studies have indicated that FTO gene polymorphisms are associated with energy intake and involved in the decomposition of fat ([@b21-etm-0-0-5752],[@b22-etm-0-0-5752]).

In the present study, we found that FTO protein was highly expressed in patients with T2DM and was significantly higher in those with severe T2DM. Correlation analysis showed that FTO protein level was not correlated with age or gender, but was significantly associated with waist circumference, hip circumference, BMI and blood glucose indices (FPG, FCP, HbA1c, FINs). After 12 weeks of treatment, blood glucose indice values and FTO expression levels were both significantly decreased in patients with severe T2DM. In conclusion, we have found that the expression of the obesity gene FTO increases with T2DM severity. We hope that the FTO gene can provide a reference value for the diagnosis and treatment of T2DM in the future.

![FTO mRNA levels in peripheral blood lymphocytes detected via RT-PCR. FTO gene expression levels in the mild T2DM and severe T2DM group were significantly increased (\*\*p\<0.01, \*\*\*p\<0.001) vs. NC group levels. FTO gene levels in the severe T2DM group were higher than in the mild T2DM group (^\#^p\<0.05). FTO, fat mass and obesity-associated gene; T2DM, type 2 diabetes mellitus; NC, normal control.](etm-15-03-2917-g00){#f1-etm-0-0-5752}

![Patient serum FTO protein levels detected via western blot analysis. FTO protein levels in the mild and severe T2DM groups were significantly elevated relative to the NC group (\*p\<0.05, \*\*p\<0.001). FTO protein levels in the severe group was higher than in the mild group (^\#^p\<0.05). FTO, fat mass and obesity-associated gene; T2DM, type 2 diabetes mellitus; NC, normal control.](etm-15-03-2917-g01){#f2-etm-0-0-5752}

![Serum FTO protein levels detected via western blot analysis. Compared with before-treatment values, FTO protein levels were significantly lower after treatment (\*p\<0.05). FTO, fat mass and obesity-associated gene.](etm-15-03-2917-g02){#f3-etm-0-0-5752}

###### 

General patient information comparison (mean ± standard deviation).

  Patient information        NC group (n=60)   Mild T2DM group (n=58)                                     Severe T2DM group (n=52)
  -------------------------- ----------------- ---------------------------------------------------------- --------------------------------------------------------------------------------------------------------
  Age (years)                51.07±3.27        50.34±4.20                                                 52.03±3.29
  Sex (male/female)          27/23             28/30                                                      27/25
  BMI (kg/m^2^)              23.45±4.08        26.83±2.54^[a](#tfn1-etm-0-0-5752){ref-type="table-fn"}^   28.23±3.50^[b](#tfn2-etm-0-0-5752){ref-type="table-fn"},[c](#tfn3-etm-0-0-5752){ref-type="table-fn"}^
  Waist circumference (cm)   84.32±7.89        87.89±5.76^[a](#tfn1-etm-0-0-5752){ref-type="table-fn"}^   105.32±6.32^[a](#tfn1-etm-0-0-5752){ref-type="table-fn"},[c](#tfn3-etm-0-0-5752){ref-type="table-fn"}^
  Hip circumference (cm)     90.67±5.65        93.58±7.34^[a](#tfn1-etm-0-0-5752){ref-type="table-fn"}^   100.01±8.44^[b](#tfn2-etm-0-0-5752){ref-type="table-fn"},[c](#tfn3-etm-0-0-5752){ref-type="table-fn"}^

p\<0.05

p\<0.01 vs. NC group

p\<0.05 vs. mild T2DM group. NC, negative control; T2DM, type 2 diabetes mellitus; BMI, body mass index.

###### 

Patient blood glucose-related indicator values (mean ± standard deviation).

  Indexes         NC group (n=60)   Mild T2DM group (n=58)                                     Severe T2DM group (n=52)
  --------------- ----------------- ---------------------------------------------------------- -------------------------------------------------------------------------------------------------------
  FPG (mmol/l)    6.67±2.03         7.89±2.89^[a](#tfn4-etm-0-0-5752){ref-type="table-fn"}^    8.95±3.04^[a](#tfn4-etm-0-0-5752){ref-type="table-fn"},[c](#tfn6-etm-0-0-5752){ref-type="table-fn"}^
  FINs (mmol/l)   7.34±4.13         9.04±4.76^[a](#tfn4-etm-0-0-5752){ref-type="table-fn"}^    13.46±6.34^[b](#tfn5-etm-0-0-5752){ref-type="table-fn"},[c](#tfn6-etm-0-0-5752){ref-type="table-fn"}^
  HOMA-IR         1.98±1.02         3.03±1.67^[a](#tfn4-etm-0-0-5752){ref-type="table-fn"}^    4.60±2.01^[b](#tfn5-etm-0-0-5752){ref-type="table-fn"},[c](#tfn6-etm-0-0-5752){ref-type="table-fn"}^
  FCP (mmol/l)    342±148.67        528±168.05^[b](#tfn5-etm-0-0-5752){ref-type="table-fn"}^   685±186.33^[a](#tfn4-etm-0-0-5752){ref-type="table-fn"},[c](#tfn6-etm-0-0-5752){ref-type="table-fn"}^
  HbA1c (%)       7.03±2.58         7.86±3.02^[a](#tfn4-etm-0-0-5752){ref-type="table-fn"}^    9.28±3.40^[a](#tfn4-etm-0-0-5752){ref-type="table-fn"},[c](#tfn6-etm-0-0-5752){ref-type="table-fn"}^

p\<0.05

p\<0.01 vs. NC group

p\<0.05 vs. mild T2DM group. T2DM, type 2 diabetes mellitus; FPG, fasting plasma glucose; FCP, fasting C-peptide; HbA1c, glycosylated hemoglobin; FINs, fasting insulin; HOMA-IR, homeostasis model assessment of insulin resistance.

###### 

Severe T2DM patient BMI and the blood glucose indices before and after treatment (mean ± standard deviation).

  Indexes         Before treatment   After treatment                                            t-value   P-value
  --------------- ------------------ ---------------------------------------------------------- --------- ---------
  BMI (kg/m^2^)   28.23±3.50         25.97±4.32^[a](#tfn7-etm-0-0-5752){ref-type="table-fn"}^   5.36      0.031
  FPG (mmol/l)    9.95±3.04          8.12±3.56^[a](#tfn7-etm-0-0-5752){ref-type="table-fn"}^    4.36      0.047
  FINs (mmol/l)   13.46±6.34         10.74±5.32^[a](#tfn7-etm-0-0-5752){ref-type="table-fn"}^   3.78      0.026
  HOMA-IR         4.60±2.01          3.35±2.36^[a](#tfn7-etm-0-0-5752){ref-type="table-fn"}^    3.95      0.017
  FCP (mmol/l)    685±186.33         536±169.30^[b](#tfn8-etm-0-0-5752){ref-type="table-fn"}^   5.80      0.0073
  HbA1c (%)       9.28±3.40          8.04±2.78^[a](#tfn7-etm-0-0-5752){ref-type="table-fn"}^    4.05      0.035

p\<0.05

p\<0.01 vs. before treatment. T2DM, type 2 diabetes mellitus; BMI, body mass index; FPG, fasting plasma glucose; FINs, fasting insulin; HOMA-IR, homeostasis model assessment of insulin resistance; FCP, fasting C-peptide; HbA1c, glycosylated hemoglobin.

###### 

Analysis of the correlation between FTO and T2DM indicators.

                             FTO protein   
  -------------------------- ------------- ---------
  Age (years)                0.054         0.072
  Sex (male/female)          0.032         0.065
  BMI (kg/m^2^)              0.648         0.002
  Waist circumference (cm)   0.563         0.046
  Hip circumference (cm)     0.572         0.041
  FPG (mmol/l)               0.731         0.008
  FINs (mmol/l)              0.640         \<0.001
  HOMA-IR                    0.752         \<0.001
  FCP (mmol/l)               0.693         0.003
  HbA1c (%)                  0.728         \<0.001

FTO, fat mass and obesity-associated gene; T2DM, type 2 diabetes mellitus; BMI, body mass index; FPG, fasting plasma glucose; FINs, fasting insulin HOMA-IR, homeostasis model assessment of insulin resistance; FCP, fasting C-peptide; HbA1c, glycosylated hemoglobin.

[^1]: Contributed equally
